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A APPARATUS AND METHOD FOR APPLYING COATING 
SOLUTION, DIE AND METHOD FOR ASSEMBLING THEREOF 

CROSS REFERENCE TO RLATED APPLICATIONS 
This application is a division of co-pending Application 
No, 10/336,768, filed on January 6, 2003, the entire contents 
of which are hereby incorporated by reference. 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a coating apparatus and 
a method of applying a coating solution on a web with a die, more 

15 especially a coating apparatus and a method for forming a 
multi-layer or mono-layer film by applying on a supporter 
(hereinafter a web) , such as a polymer film, paper, metallic foil 
and the like, a coating solution of photosensitive emulsifier, 
such as magnetic material solution, solution for providing 

20 antiref lectivity and glare shielding ability, solution for 
providing visual field enlarging effect, pigment solution for 
color filter, surface protective solution and the like. 

2. Description Related to the Prior Art 

A multi-layer film is produced by forming a coating when 
25 a coating solution is applied on a web by a coating apparatus 
with a die such as a slot die. Recently, it is required that a 
thickness of a wet coating on the web is less than 20 jam, in order 
that the coating film has such effects as is previously expected. 
The thickness and conditions of the wet coating on the web are 
30 strictly determined. Accordingly the coating solution must be 
applied with high accuracy. 

However, when in applying the coating solution on the web, 
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several outer conditions make the thickness of the wet coating 
on the web uneven, which causes stripes and non-uniformity in 
the coating. The stripes and the non-uniformity becomes more 
remarkable when the thickness of the wet coating becomes smaller. 
5 Accordingly, Japanese Patent Laid-Open Publication No. 9-511682 
discloses a technology of sharpening of lips of a slot die. 
Concretely, each lip land or lip end has an arc-shaped form whose 
radius should not be more than 10 \xm. However, a small error in 
producing processes has a large influence on forming the coating, 

10 in this case . 

The radius of the lip land is usually determined as a width 
(hereinafter land width) of a flat portion which is formed in 
a feeding direction of the web and usually called a lip land. 
When the radius of the lip land is shorter than 30 pm, the lip 

15 end or the lip land are easily broken, which causes to generate 
stripes. Therefore it is hard to continuously carry out the 
coating. Further as shown in FIG. 19, a coating solution 216 
discharged from a slit 206 of a die 200 covers lip lands 201a, 
201b of down- and upstream lips 202, 203. When the coating 

20 solution 216 widens on the lip land 201a of the downstream lip 
202, the coating on a web 207 has an inadequate shape, and 
therefore the film products have stripes on a coating surface. 
It is hard to adjust a position of wet line, an edge of the coating 
solution 216, on the downstream lip 203. 

25 It is already known that there are several reasons for 

generating the unevenness, which are, for example, the change 
of feeding velocity of the web, the cyclic change of distance 
between a back-up roller for feeding the web and the lip land 
of the downstream lip. The variation of the distance between the 

30 buck-up roller and the lip land is caused by decentering in the 
back-up roller. The cause of the decentering of the back-up roller 
is that the core of the back-up roller does not protrude, or that 
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a cross-section of the back-up roller does not have a strictly 
circular shape. Note that the unevenness in the amount of 
discharging the coating solution is caused by the pump feeding 
the coating solution in pulse movement. 
5 There are other causes of the unevenness, for example, in 

variable positional relation between a vacuum chamber and the 
coating apparatus or between a vacuum chamber and the web while 
the coating apparatus and the web are confronted to the vacuum 
chamber. Note that the vacuum chamber is provided near to a bead 

10 formed by the coating solution exactly before applied on the web, 
so as to keep an adequate situation for preventing an unstable 
form of the bead. In this case, the variation of the positional 
relation prevents the uniform aspirate of the air from the vacuum 
chamber. Accordingly the bead often vibrates to cause the 

15 unevenness. In order to apply the coating solution on the web 
adequately, the above situations therefor must be improved. 
However, there are large problems about cost and techniques for 
the improvement. Note that an air pressure is set to a lower level 
in the vacuum chamber than usually. 

20 The applicant proposes in the Japanese Patent Application 

No. 2001-368113 a method to prevent the generation of the 
unevenness. In order to form the bead uniformly, a lip land of 
the upstream lip is bend at less than 100°, and a position of an 
upper meniscus of the bead is fixed at an upstream edge of a lip 

25 land of an upstream lip. Further, the change of the conditions 
of the outer in applying the coating solution has a smaller 
influence on the shape of the bead. Accordingly the unevenness 
in the coating is effectively prevented. However, as the 
situation of applying the coating solution becomes worse in the 

30 above method, the bead is often split, which causes the stripe 
in the coating. 

The bead must be formed uniformly by setting the pressure 
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decrease as small as possible. The formation of the coating on 
the web has a large influence on the quality of the film product. 
When in applying the coating solution on the web, the unstable 
situation of the edges in the bead causes the deformation of the 
5 coating. When the pressure decrease is made too efficiently, the 
wet coating on the web widens more than the expected one to cause 
the unevenness of the wet coating on the web. Especially, when 
the amount of the wet coating becomes smaller in the both sides, 
then the usable area for the film product becomes smaller. 

10 Furthermore, part of the bead, especially edges thereof, in which 
the amount of the coating solution decreases, brakes easily. 

In Japanese Patent Publication No. 2001-170542, a 
regulation member is provided with the coating apparatus for 
regulating the width of the coating solution. The forward end 

15 of the regulation member is positioned slightly forwards of the 
lip land so as to form the bead uniformly. However, effects of 
the coating apparatus in this publication become smaller when 
in using the coating solutions having high viscosity or when in 
forming thick layers. 

20 When the gap between the web and the lip in the downstream 

side (hereinafter downstream lip) of the die is smaller, the 
thinner coating is formed. However, the upstream lip has none 
of such conditions. Therefore, the gap between the upstream lip 
and the web may become larger. Considering these conditions of 

25 the down- and upstream lips, two conditions are to be satisfied. 
First, the gap between the upstream lip and the web becomes larger 
to prevent the pressure loss in the upstream side of the bead. 
Secondly, the gap between the downstream lip and the web is smaller 
to make the coating thinner. Accordingly, an overbite formation 

30 of the die is proposed. 

The die of the overbite formation is used for forming the 
coating in high accuracy. In such die, the upstream lip has larger 
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distance to the web than the downstream lip. In Japanese Patent 
Laid-Open Publication No. 9-511682, the position of the bead is 
fixed to a downstream edge of the upstream lip to form the bead 
uniformly. Further, the applicant proposed in the Japanese Patent 
5 Application No. 2002-014772 a coating apparatus including the 
die in the overbite formation to form the coating in high accuracy. 
Note that a difference between the gap from the web to the upstream 
lip and that from the web to the downstream lip is determined 
as an overbite length. 

10 When the overbite length is too small, the effect of the 

overbite formation is not large. When the overbite length is too 
large, a slight variation of pressure decrease has influence on 
the formation of the bead, and the bead is not formed uniformly, 
and split furthermore. Further, when the difference between the 

15 gap from the downstream lip to the web and the gap from the upstream 
lip to the web is too small, the bead is hardly fixed to the 
upstream lip with small value of the decreased pressure. When 
the difference is too large, the bead is fixed too much even with 
the small value of the decreased pressure. Accordingly, the 

20 overbite length is to be adjusted to an adequate value, which 
is determined in accordance with the following conditions, such 
as the kinds and the viscosity of the coating solution, the coating 
velocity of the coating solution, the thickness of the wet coating, 
and the like. However, high cost and high techniques are required 

25 for forming the lip of the overbite formation. 

There is a type of the die in which an upstream end block 
has the upstream lip and a downstream end block has the downstream 
lip. The upstream and downstream end blocks are attached to the 
upstream and downstream lip bodies, respectively. In this type 

30 of the die, when one of the up- and downstream end blocks is broken 
or disassembled, it is changed. However, it is hard to have the 
same overbite length thereby. 
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Further, there is a method for measuring the overbite length. 
In this method, the gap from the protruding lip to the web is 
measured in high accuracy, while the gap from the other retracted 
lip to the web is often measured with a large error, or cannot 
5 be measured. The gap from the back-up roller to the web or the 
lip may be measured with an gage or in a method proposed in the 
Japanese Patent 2002-047078 by the applicant of the present 
invention . 

10 SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
apparatus and a method for applying a coating solution on a web, 
in which neither unevenness nor stripe is generated in a coating. 

Another object of the present invention is to provide an 
15 apparatus and a method for applying a coating solution on a web, 
in which a bead of the coating slution is neither split nor 
damaged. 

Still another object of the present invention is to provide 
an apparatus and a method for applying a coating solution on a 
20 web, in which a bead is uniformly formed. 

Still another object of the present invention is to provide 
a die and a method for assembling thereof, with which with which 
neither unevenness nor stripe is not generated in a coating. 

Still another object of the present invention is to provide 
25 a die and a method for assembling thereof, in which 

the coating solution does not widen on a lip land of the downstream 
lip . 

In order to achieve the object and the other object, in 
an apparatus and a method for applying a coating solution on a 
30 web of the present invention, the coating solution is discharged 
from a slot of a die to the web which is supported with a back-up 
roller. In the die, the slot is formed between a first lip and 
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a second lip. The first lip is disposed downstream from the second 
lip in a feeding direction of the web. An end of the first lip 
is provided with a first lip land which is flat and confronted 
to the web. The first lip land satisfies a condition 
5 30/z/w < LI < 100/um , while LI is a length of the first lip land in 
the feeding direction. 

Further, in an apparatus and a method for applying the 
coating solution on a web of the present invention, a regulation 
member is provided for regulating a coating width of the coating 

10 solution. In the die having the regulation member a first gap 
between the first lip and the web is smaller than a second gap 
between the second lip and the web. A third gap between the 
regulation member and the web is set so as to be more than the 
first gap and less than the second gap. 

15 Further, the slot may be formed between a first block and 

a second block which are contacted to each other, and front ends 
of them have the first lip land and the second lip land. There 
is a step between the first lip land and the second lip land. 
A difference between the first gap Gl and the second gap G2 is 

20 a height of the step. The height is 30 to 120 jam. 

In a method for assembling the die for applying the coating 
solution on the web, the first block and the second block of the 
die are separate. Backs of the first and second blocks are mounted 
on a standard surface of a base to keep a step between the first 

25 and second lip lands. Thereafter the first and second blocks are 
integrally combined with each other. 

It is preferable that a plate member having a thickness 
T is sandwitched between the back of the first block and the 
standard surface of the base. Further, the backs of the first 

30 and second blocks are fixed or temporary fixed to the base before 
integrally combining the first and the second blocks. 

According to the invention, the first lip land of the first 



7 



lip has the length LI in a feeding direction on the web while 
the length LI satisfies a condition 30 jum < LI <\00/um . Accordingly, 
the unevenness is not generated when the coating solution is 
applied on the web. Further as the die of the apparatus of the 
5 present invention has the step between the first lip land and 
the second lip land, the unevenness and stripes are not generated 
in the coating on the web . 

When in assembling the die of the apparatus for applying 
the coating solution, the backs of the separate first and second 
10 blocks are mounted on a standard surface of the base. Accordingly, 
the coating solution does not widen on the first lip land of the 
first lip which is disposed downstream from the second lip in 
the feeding direction of the web. 

15 

BRIEF DISCRIPTION OF THE DRAWINGS 
The above objects and advantages of the present invention 
will become easily understood by one of ordinary skill in the 
art when the following detailed description would be read in 
20 connection with the accompanying drawings. 

Figure 1A is a schematic diagram of a coating apparatus 
of the present invention; 

Figure IB is an explanatory view illustrating a positional 
relation between the coating apparatus and the web; 
25 Figure 2 is a schematic diagram of a die of the coating 

apparatus in FIG. 1; 

Figure 3 is an explanatory view of a bead and the die; 
Figure 4 is a perspective view of the coating apparatus 
and the vacuum chamber; 
30 Figure 5 is a sectional view of the web and a vacuum chamber 

of the coating apparatus; 

Figure 6 is a sectional view of the web and a vacuum chamber 



of another embodiment of the coating apparatus; 

Figure 7 is a side view of the coating apparatus; 

Figure 8 is a plan view of a part of the die; 

Figure 9 is an extended view illustrating a positional 
5 relation between the die and the web; 

Figure 10 is a sectional view illustrating a process for 
assembling a first embodiment of the die; 

Figure 11 is a sectional view illustrating a process for 
assembling a second embodiment of the die; 
10 Figure 12 is a sectional view illustrating a process for 

assembling a third embodiment of the die; 

Figure 13 is a plan view of a bottom of the die in FIG. 

12. 

Figure 14 is a sectional view illustrating a process for 
15 assembling a forth embodiment of the die; 

Figure 15 is a sectional view illustrating a process for 
assembling a fifth embodiment of the die; 

Figure 16 is a first embodiment of measuring system for 
measuring the overbite length of the die; 
20 Figure 17 is a second embodiment of measuring system for 

measuring the overbite length of the die; 

Figure 18 is a third embodiment of measuring system for 
measuring the overbite length of the die; 

Figure 19 is a schematic diagram of a die in prior art . 

25 

PREFERRED EMBODIMENTS OF THE INVENTION 
In FIG. 1A, a coating apparatus 10 has a back-up roller 
11 , a die 15 and a vacuum chamber 40. A web 12 is supported with 
the buck-up roller 11 and confronted to a die 12. When the back-up 
30 roller 11 rotates in a direction Al, the web 12 is fed in a 
direction A2 . The die 15 is constructed of a downstream block 
21 and an upstream block 22. The downstream block 21 has a first 
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lip 25 and a first lip land 27a, and the upstream block has a 
second lip 26 and a second lip land 27b. The die 15 has a pocket 
17 and a slot 18 between the downstream block 21 and the upstream 
block 22. A coating solution 16 is supplied from a side or a middle 
5 of a rear face of the die 15 into the pocket 17, passes through 
the slot 18, and is discharged outside the die 15. Thereby the 
vacuum chamber 40 sucks air around the coating solution 16 
discharged from the die 15, to form a bead 16a with an adequate 
shape between the die 15 and the web 12. Thus the coating solution 
10 16 is applied on the web 12 to form a coating 16b. Note that the 
vacuum chamber 40 is positioned not so as to contact to the bead 
16a. Further in the vacuum chamber 40, the air is sucked or 
aspirated to a predetermined pressure lower that the normal 
pressure . 

15 The pocket 17 has a cylindrical shape extending in a 

widthwise direction of the die 15, which is perpendicular to the 
feeding direction A2, to an opening (not shown) on a side of the 
die 15. A stopper is fitted in the opening to form a space for 
storing the coating solution 16. A length of the pocket 17 in 

20 the widthwise direction of the die 15 is usually the same as or 
longer than a width of applying the coating solution 16 on the 
web 16. 

The slot 18 has the length the same as the pocket 17 in 
the widthwise direction of the die 15. A regulation plate 52 (see, 

25 FIG. 7) is provided in the slot 18 between the first and second 
lip land 27a, 27b for regulating a width of the coating solution 
16 to be applied on the web 12. The regulation plate 52 is operated 
with an operator 53 (see, FIG. 7) . Considering an imaginary line 
IL extending through the slot 18 as shown in FIG. IB, the imaginary 

30 line IL reaches the web 12 at a point PI. Here the imaginary line 
IL crosses at an angle a in an downstream side with a tangent 
line TL to the web 12 that is formed at the point PI. The angle 
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a is 90° in this embodiment. However the angle a may satisfy a 
condition 30°<a<90°. Note that the vacuum chamber 4 0 in FIG . 1A 
is omitted for easiness in FIG. IB. 

There are several materials for forming the web 12, for 
5 example, polyethylene terephthalate (PET), polyethylene-2 , 6- 
naphthalate (PEN), cellulose diacetate (DAC) , cellulose 
triacetate (TAC) , cellulose acetate propionate, polyvinyl 
chrolide (PVC), polyvinylidene chloride, polycarbonate (PC), 
polyimide, polyamide and the like. The web 12 may be also formed 

10 of following materials, a paper, or a paper coated or laminated 
with a coating of a-polyolef ine having 2-10 carbons, such as 
polyethylene, polypropyrene, ethylene butene copolymer and the 
like, further, there are metal foils, such as aluminum foil, 
cupper foil, tin foil and the like, and a continuous substrate 

15 whose .surface is coated with a preliminary layer. 

There are several sorts of solvents for preparing the 
coating solution 16, for example, water, hydrocarbon halides, 
alcohols, ethers, ketons and the like. One or mixture of them 
may be used for the solvent. 

20 There are a lot of types of the coating solution 16 used 

for the present invention, for example, solutions for optical 
compensation sheet, ant iref lection film, glare-shielding 
solution, photosensitive coating solution, magnetic solution, 
solution for enlarging angle of field of view, surface protection 

25 solution, antistatic solution, slip solution, solution of 
pigment for color filter and the like. However, sorts of the 
coating solution is not restricted in them. 

It is preferable that viscosity p and surface tension a 
of the coating solution 16 respectively satisfy a conditions 

30 0.5 <p<l00Pas and 20 < a < IQmN I m . A coating velocity may be less 
than 100 m/min. The present invention has an especially large 
effect when the wet coating to be formed on the web is thin, and 



when the viscosity is very large. 

In FIG . 2 the vacuum chamber 40 is not illustrated for 
easiness of this figure. A land length LI of the first lip land 
27a is smaller than a land length L2 of the second land lip 27b. 
5 The length LI satisfies condition: 30///W < LI < lOOjum , preferably 
30///rc < LI < SO/im , especially 30jum < LI < 60/im . Under this condition, 
the coating solution 16 is applied on the web 12 even, and the 
first lip land 27a of the first lip 25 can be formed correctly. 

When the land length LI is less than 30 jam, the first lip 

10 land 27a or edge of the first lip 25 is often broken, which causes 
to generate stripes in the coating 16b. When the land length LI 
is more than 100 Jim, the coating solution 16 cannot have an 
adequate form of the bead 16a, which prevents the coating solution 
from being applied on the web 12. 

15 Note that there is no condition of the land length L2 . 

However, it is usually formed between 500 jam and 1 mm. 

Further, the first lip land 27a is positioned closer to 
the web 12 than the second lip land 27b, that is, a gap Gl between 
the web 12 and the first lip land 27a of the first lip 25 and 

20 is larger than a gap G2 between the web 12 and the second lip 
land 27b of the second lip 26. Note that the gap Gl is also the 
same as a gap between the web 12 and the die 15 in this embodiment. 
Thus the die 15 has an overbite shaped form. Accordingly, the 
decreased pressure from the normal pressure can be made smaller, 

25 and the bead 16a can be formed without variation of the adequate 
shape thereof . 

It is preferable that viscosity p and a surface tension 
o of the coating solution 16 respectively satisfy the conditions 
0.5 < p < 100 mPas and 20 < a < lOmN/m. A coating velocity may 
30 be less than 100 m/min. The present invention has an especially 
large effect when the wet coating to be formed on the web is thin, 
and when the viscosity is very large. 

12 



The shape of the bead 16a easily varies in changeable 
conditions around the bead. In order to form the coating 16b with 
a constant thickness, a variation of the land length Ll at each 
point in the widthwise direction of the die 15 may be less than 
5 20 jjm in the first lip land 27a. 

Further, strength of the first and second lips 25, 26 and 
situations of surfaces thereof can be improved when they are 
formed of hard alloy in which carbide crystal is contained. Thus 
the surfaces of the first and second lips 25, 26 has a uniform 
10 shape, and the abrasion of the surfaces hardly occurs when the 
coating solution 16 contacts to the surfaces of the first and 
second lips 25, 26. This improvement is especially effective when 
in applying the magnetic material solution containing abrasive 
material. The hard material is, for example, a material produced 
15 by binding the metal (such as Cobalt) with crystals of tungsten 
carbide (WC) having averaged diameter at 5 Jim or less. Note that 
the metal is not restricted in tungsten, and may be other metal, 
such as titanium, tantalum, niobium and the like. 

Further, in order to form the coating 16b even, it is 
20 necessary to regulate not only the accuracy of the land length 
Ll at each points in the widthwise direction of the coating 16b, 
but also a straightness of both the back-up roller 11 and the 
first and second lips 25, 26. 

In FIG. 3, the straightness is determined in accordance 
25 with an upper pressure PO close to an upper meniscus of the bead 
16a, a inside pressure PP in the pocket 17, a land length Ll, 
a length LS and a distance D of the slot 18, a surface tension 
a and a viscosity |i of the coating solution 16, a coating velocity 
U, and a thickness h of the coating 18b. A difference PO - PP 
30 between the upper pressure PO and the inside pressure PP is 
formalized as follows: 

PO - PP = \34alh ^f//o-) 2/3 + 12//-C/- Zl {(Gl)/2-/2}/(Gl) 3 
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-12fi-h-U*(LS)/D (1) 

The straightness is calculated by using the formula (1) 
when the difference PO - PPdoes not vary. In the present invention, 
even though the gap Gl between the back-up roller 11 and the first 
lip land 27a varies, the coating solution 16 flows in the pocket 
17 so as to adequately distribute in the widthwise direction of 
the die 15. Accordingly the difference PO - PP is kept constant. 

The straightness in a coating system for a usual industrial 
production is about 5 |im, which is calculated from the formula 
(1) , and thereby a distribution of the variation of the thickness 
is 2%. The value is regarded the limit of a limit of the 
straightness when in applying the coating solution 16 on the web 
12. Accordingly, the variation of the gap Gl between the web 12 

and the die 15 is less than Sjain, when the die 15 is set to a coating 
position . 

As shown in FIG. 4, the vacuum chamber 40 includes a back 
plate 40a and a side plate 40b. There are a gap GB between the 
web 12 and the back plate 40a and a gap GS between the web 12 
and the side plate 40b. 

In FIG. 5 the back up plate 40a is formed with the side 
plate 40b. The gap GB is determined between the web 12 and the 
top of the back plate 4 0a of the vacuum chamber 40, as the vacuum 
chamber is disposed below the web 12 and the die 13 in this figure. 

As shown in FIG. 6, the back plate 40a and the side plate 
40b may be fixed to the vacuum chamber 40 with screws 40c. It 
is preferable that the gap GB between the web 12 and the back 
plate 40a is larger than the gap Gl between the web 12 and the 
die 15 or the first lip land 27a of the first lip 25. In this 
case, the value of the decreased pressure around the bead is 
regulated enough to form the bead 16a with the adequate shape, 
even thought the decentering of the backup roller 11 causes the 
variation of the value of the pressure decreasing degree. For 
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example, when the gap Gl between the web 12 and the die 15 is 
30 jam - 100 fxm f it is preferable that the gap GB between the web 
12 and the back plate 40a is 100 - 500 jam. 

As shown in FIGs . 7 and 8, the regulation plates 52 are 
5 provided in both sides of the slot 18 in the widthwise direction 
of the die 15 . Further, the distance between the regulation plates 
52 are adjusted by the adjusting device 53 to become the almost 
same as a coating width W of the coating solution 16 on the web 
12. Preferably the regulation plate 52 is formed of rigid 

10 materials in order to easily move in the slot 18. Concretely, 
the rigid material is metal, especially stainless, aluminum, hard 
material and the like. However, kinds of the material are not 
restricted in them. Note that the coating width W satisfies a 
condition 0\.<W <5m . However the coating width W is not 

15 restricted in this region. 

Substantially, it is preferable a thickness of the 
regulation plate is as same as the distance SD of the slot in 
the feeding direction of the web 12. However, there is a case 
when the regulation plate 52 is hardly removable. Accordingly, 

20 the slot gap SD is 2 - 5pm smaller than the slot gap SD. 

In the present invention, it is preferable that the slot 
gas SD satisfies a condition 50pm < SD < bOOpm. However the slot 
gap is not restricted in it. Further, a contact face 52a of each 
of the regulation plates 52 becomes polluted by coating the 

25 coating solution 16 on the web 12. In order to easily cleanse, 
the face 52a may be coated with a coating polymer. As the coating 
polymer, there are, for example a fluoride resin having the 
corrosion resistance, the small adhesive property to another 
material, and the like. However, the coating polymers are not 

30 restricted in them. As the most adequate fluoride resin, there 
is tetrafluro ethylene and the like. 

Note that the adjusting device 53 adjusts positions of front 
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ends 51b, 52b of the regulation plates 52 in a direction in which 
the coating solution flows in the slot. In this embodiment, 
adjusting devices that are already known may be used. Note that 
the adjusting device 53 is disposed outside the die 15 such that 
5 the die 15 becomes smaller. 

As shown in FIG. 9, it is preferable in the die 15 that 
the gap Gl between the web 12 and the first lip 25 satisfies 
20jum < Gl < 200/um , and that the gap G2 between the web 12 and the 
second lip 26 satisfies a condition 50/um < G2 < 300jum . 

10 The ends 52b of the regulation plates 52 are positioned 

between the first and second lips 25, 26 to have a gap G3 to the 
web 12. The gap G3 satisfies a condition Gl < G3 < G2 , which 
prevents edges of the bead 16a from becoming unstable. It is 
especially preferable that the two regulation plates 52 are 

15 retracted from the first land 27a. 

The coating solution is applied on the web 12 by using the 
die 15 including the regulation plates 52 such that the coating 

16b may have a wet thickness TW less than 25 (am. Note that the 
wet thickness is determined as the thickness of the bead 26 in 

20 a stationary state exactly before drying. 

FIG. 10 illustrates a situation when the die 15 is assembled. 
The downstream block 21 and the upstream block 22 are mounted 
on an assembling base 71. A through-hole 65 is formed in the 
downstream block 21, and a female screw thread 66 in the upstream 

25 block 22. 

There is a length LL from a rear surface 21a to the first 
lip land 27a in the downstream block 21, and a length LU from 
a rear surface 22a to the second lip land 27b in the upstream 
block 22. The die 15 has an overbite shape with a difference 
30 between the length LL and the length LU, which is determined as 
an overbite length LOl. Note that the downstream block 21 and 
the upstream block 22 are formed with an accuracy of micrometer 

16 



order. Thus, the die 15 has a predetermined overbite length L01 
after assembling. 

The assembling base 71 is formed to have a flat standard 
surface, on which the downstream block 21 and the upstream block 
5 22 are loaded such that the rear surfaces 21a, 22a wholly contact 
to the flat surface of the assembling base 71 . A bolt 63 is loosely 
fitted in the through-hole 65 to reach the female screw thread 
66, and rotated to fix the downstream block 21 to the upstream 
block 22. Thereby, after fixing them to each other , the positional 

10 relation between the first and second lip lands can be set so 
as to obtain the predetermined overbite length. Note that the 
bolt 65 has a length until the middle of the upstream block 22 
in this embodiment. However a length of the bolt 63 is not 
restricted in it. The bolt 63 may be inserted through the upstream 

15 block 22 and fixed with a bolt. In the method above, the 
improvement of techniques of forming the down- and upstream 
blocks 21, 22 reflects on assembling the die 15 to have the 
overbite length LOl accurately. 

In the embodiment above, the assembling base 71 is made 

20 of SUS. However, the material is not restricted in it when the 
assembling base 71 has the flat surface for loading the downstream 
block 21 and the upstream block 22, and when the assembling base 
71 is not broken by loading them. 

Now a preferable method for assembling the die of the 

25 present invention will be described now. As shown in FIG. 11, 
a die 81 is constructed of a downstream block 82 and an upstream 
block 83. The downstream block 82 has the length LL between a 
rear surface 82a and a first lip land 82b, and the upstream block 
83 the length LU between a rear surface 83a and a second lip land 

30 83b. While a rear surface 83a of the upstream block 83 contact 
to the flat surface of the assembling base 71, a thickness gages 
or a spacer 86 having a thickness T are provided between a rear 



surface 82a of a downstream block 82 and the assembling base 71. 
The thickness T of the thickness gage 86 can be adjusted in 
micrometer order. Accordingly the positional relation between 
the first and second lip lands 82a, 82b can be regulated by varying 
5 the thickness T of the thickness gage 86. Thus, the die 81 has 
an overbite length L01 or a height of a step between the lip lands 
82b and 83b. Then the bolt 63 is inserted through a through-hole 
92 and fitted in a female screw thread 93 of the upstream block 
83. Thereby the down- and upstream blocks 82, 83 are fixed such 

10 that a positional relation between them may not change. Note that 
the thickness gage 86 is formed of such a material that it may 
not be broken while loading the downstream block 83. 

The downstream block 82 and the upstream block 83 are 
contacted on their contact surfaces and slidable to each other 

15 thereby. Accordingly, the overbite length LOl may be optionally 
determined in micrometer order. Therefore the die can be formed 
to have the predetermined overbite length, independent of the 
shape of the downstream and upstream blocks. Further, when the 
length LL and the length LU are changed, the positional relation 

20 between the down- and upstream blocks 82, 8 3 are smoothly adjusted. 
This embodiment is especially effective when the down- and upper 
blocks are formed such that the length LU and the length LL are 
same. In this case, the thickness T of the thickness gage is 
previously adjusted to the overbite length LOl. 

25 As shown in FIG . 12, a die 101 is constructed of a downstream 

block 102 and an upstream block 105. The downstream block 102 
has the length LL between a rear surface 102a and a first lip 
land 102b, and the upstream block 102 the length LU between a 
real surface 105a and a second lip land 105b. The thickness gages 

30 or the spacers 86 are provided between the rear surface 102a of 
the downstream block 105 and a fixer 103. 

After loading the down- and upstream blocks 102, 103 on 



the fixer 103, the thickness of the thickness gage 86 is adjusted 
such they have the overbite length LOl between a first lip land 
102b and a second lip land 105b. Then, the down- and upstream 
blocks 102, 105 are fixed to each other by bolts 106. Thus it 
5 is prevented that the overbite length LOl varies. Note that the 
fixer 103 is formed of the SUS. However the Fixer 103 may 
effectively fix the positional relation between the down- and 
upstream blocks 102, 105. Accordingly, the materials are not 
restricted in it. 
10 In FIG. 13, the fixer 103 has a rectangular shape and an 

enough size for fixing the downstream block 102 and the upstream 
i block 105. There is an interval Wll between the two fixers 103. 

In each of the fixer 103, the two bolts 106 are provided for fixing 

i 

the downstream block 102 and the upstream block 105 respectively, 
i 15 It is preferable that the interval Wll is between 5cm and 50 cm. 

Further, when the down- and upstream blocks 102, 105 have a larger 
! width, the positional relation between them tends to easily vary 

1 by fixing with the bolts 63. However, it is prevented, as each 

of the down- and upstream blocks 102, 105 are fixed with the bolts 
20 106 to the fixer 103. Note that a number of the fixer 103 and 

an upper limit of the width Wll may be set such that the positional 

relation between the down- and upstream blocks 102, 105 may not 

vary. Further, the bolts 106 may be removed after applying the 

bolts 63. 

25 As shown in FIG. 14, a fixer 111 may be provided with holding 

mechanism 112 for holding the downstream block 102 and the 
upstream block 105, when in determining an overbite length LOl 
between the first lip land 102b and the second lip land 105b. 
Each of the holding mechanism 112 includes a bolt 112a, a press 

30 member 112b, and a through-hole 112c. An end of the bolt 112a 
and the fixer 111 are fixed with a nut 112d. Further, the bolt 
112a is inserted through the through-hole 112c of the press member 



112b such that the press member 112b may be positioned at another 
end in the upside of the bolt 112a. Thereby the press member 112 
contacts and presses the down- and upstream blocks 102, 105. Thus 
the overbite length LOl is adjusted more accurately. Note that 
5 the first lip land 102 and the second lip land 105 may not touch 
when the down- and upstream blocks 102, 105 are loaded on the 
fixer 111. 

Note that the above method for assembling the die of the 
overbite type can be applied to form a die of underbite type. 

10 In the underbite type, an end of the upstream lip is protruded 
toward the web from an end of the downstream lip. 

The die of the underbite type is assembled as follows. In 
FIG. 15, a die 115 of the underbite type is constructed of a 
downstream block 116 and an upstream block 117. 

15 The downstream block 116 has the length LU between a rear 

surface 116a and a first lip land 116b, and the upstream block 
117 the length LL between a rear surface 117a and a second lip 
land 117b. The thickness gages or the spacers 86 are provided 
between the rear surface 117a of the upstream block 117 and the 

20 fixer 103. The down- and upstream blocks 116, 117 are fixed to 
the fixer 103 with bolts 106. Thus there is a positional difference 
L02 between a first top end 102b and a second top end 105b. 
Thereafter, the down- and upstream blocks 116, 117 are fixed to 
each other with the bolts 63. Note that the holding mechanism 

25 112 in FIG. 14 may be used in this method for assembling the die 
115. 

When the down- and upstream blocks for the underbite type 
are not formed in a predetermined shape, the thickness of the 
thickness gage disposed between the upstream block and the base 
30 is adjusted to obtain the underbite length L02 . Note that the 
assemble of the die of the underbite type should be carried out 
on the base the same as in FIG. 10, when the down- and upstream 

20 



blocks are previously formed to have the underbite length L02 
as a difference between the length LL and the length LU. Also 
in this case, it is preferable to use the press section. 

When the web is coated with the wet coating or the coating 
5 of the coating solution by using the die of the overbite or 
underbite type, the thickness of the wet single or multi-layer 
is less than 20 mm. In this case, a coating condition is dependent 
on setting the overbite length LOl and the underbite length L02 . 
Accordingly the measure and the evaluation of such a length is 

10 made with accuracy in micrometer order. 

A method of measuring the overbite length LOl will be 
explained as follows. In FIG. 16, the die 101 is loaded on a die 
stage 121 to set to a measuring apparatus 122 . Thereby the upstream 
block 105 is positioned under the downstream block 102. The 

15 measuring apparatus 122 is constructed of the optical microscope 
123 and a moving mechanism 122 for moving the microscope 123. 
The microscope 123 is connected with an image processor 126. 

The moving mechanism 122 is constructed of a base 125a, 
a support member 125b, a first slide stage 125c, a second slide 

20 stage 125d and a shaft 125e. The base 125a sustains all elements 
of the moving mechanism 125, while the support member 125b is 
fixedly attached to the base 125a. The first slide stage 125c 
slides along the support member 125b, and the second slide stage 
125d slides in X- and Y-directions. The shaft 125e is fixedly 

25 attached to the second slide stage 125d, and the optical 
microscope 123 slide on the shaft 125 in a Z-direction. 

After loading the die 101 on the die stage 121 the first 
slide stage 125c is slid such that an end of the slot 18 is 
confronted to the microscope 123. Then the second slide stage 

30 125d is moved in the X- and Y-directions and the microscope 123 
in the Z-direction, so as to make a focusing of the microscope 
on an upstream edge of the first lip land 102b. Thus an image 
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of the downstream edge of the first lip land 102b is taken in 
focus by the microscope 123, and data of the image is sent to 
the image processor 126. This position is determined as an origin. 
Thereafter, a downstream end of the second lip land 105b is 
5 photographed in focus, and a length in Y-direction from the origin 
is calculated. The length in the Y-direction is the overbite 
length LOl . In measuring the overbite length LOl, a surface of 
the die stage 121 should be formed with high accuracy. Thereafter, 
if the second slide stage 125 is moved in the X-direction, then 
10 distribution or a difference of the overbite length LOl can be 
measured. 

When the die is set in another setting situation on the 
die stage, the overbite length LOl can be also measured by shifting 
the microscope in three directions each. Forms of the first and 

15 second lip lands 102b, 105b are determined in accordance with 
a tangent line at a position on the web that corresponding to 
a coating position of the die. Accordingly, data of the forms 
are input in the image processor 126 in order to make the measuring 
smoothly and accurately. 

20 When the measure is carried out, the die is set to the 

position in FIG 16. As shown in FIG. 17 a laser meter 131 may 
be used instead of the microscope 123. The laser meter 131 emits 
a laser beam and receives a reflection which is reflected on the 
first lip land 102b. When there is protrusion or a retraction, 

25 the phase in the reflected laser varies. 

When the measure is carried out, the laser beam is emitted 
on the first lip land 102b and the laser meter 131 is shifted 
in the Z-direction. The highest position in the Y-direction is 
determined as the origin. Thereafter, the laser meter is slid 

30 in the Z-direction above the second lip land 105b, and the lowest 
position in the Y-direction is detected. The overbite length LOl 
is calculated from the phase difference between the origin and 



the lowest position. When this operation is made in the 
X-direction, the distribution of the overbite length L01 is 
measured. 

In FIG. 18, a dial gage 135 may be used for measuring the 
5 overbite length LOl, instead of the microscope 123 and the laser 
meter 131 . The dial gage 135 has a ball-like formed contact member 
135a. At first, the die 101 is loaded on the stage 121 such that 
the first and second lip lands 102b, 105b are positioned uppermost . 
The contact member 135a is positioned so as to contact to the 

10 first lip land 102b. Then the contact member 102 is moved on the 
first lip land 102b in the Z-direction, and the highest position 
in the Y-direction is determined as the origin. The contact member 
135a is further moved in the Z-direction on the second lip land 
105b, and the lowest position in the Y-direction is detected. 

15 The difference of the lowest position to the origin is the overbite 
length LOl . When this operation is made in the X-direction, the 
distribution of the overbite length LOl is measured. 

When the die is set in another setting situation on the 
die stage, the overbite length LOl can be also measured by shifting 

20 the dial gage 135 or the laser meter 134 in each three directions. 
Note that the above methods for measuring the overbite length 
LOl are applied for measuring the underbite length L02 . These 
methods are effective for carrying out the measure of the die 
for multi-layer coating. 

25 When the dies 15, 81, 101 are assembled, the temperature 

thereof is adjusted to the same as the coating solution. As the 
material for the die is SUS, the volume and the size of the die 
depends on the temperature. Accordingly the temperature of the 
die is adjusted in considering not only the size of the surface 

30 but also the distribution of the temperature. Therefore the 
overbite length LOl and the underbite length L02 are measured 
with considering the deformation when in applying the coating 



solution on the web. Thus the die 15, 81, 101 are assembled with 
high accuracy. 

Preferably, while the temperature of the coating solution 
is T °C , the temperature of the die is adjusted between (T+5) °C 
5 and (T-5) °C when in assembling it. 

Preferably, the adjustment of the temperature is made by 
regulating the temperature of the atmosphere between (T+5) °C and 
(T-5)°C, when the dies 15, 81, 101 are assembled, or when the 
overbite length or the underbite length is measured. Further, 

10 in the die is formed a passage for water. In the passage passes 
the water whose temperature is regulated between (T+5) °C and 
(T-5) °C . Thus the adjustment of the temperature of the die is 
made. It is preferable that the water used therefor is refined 
in order to prevent the damage of the material of the die 15, 

15 81, 101. An elapsed time for which the water passes in the passage 
depends on the temperature of the outer air, the water. However 
the elapsed time is more than two hours, preferably. Further, 
the temperature is effectively adjusted also, when a ribbon 
heater is wound around the die 15, 81, and 101. These methods 

20 for adjusting the temperature may be combined. 

In the above embodiment, the die is a single layer coating 
type. However, the die of the present invention is not restricted 
in the above embodiments . For example, the die may be a multi-layer 
coating type. 

25 The present invention is concretely explained with taking 

examples now. However, the present invention is not restricted 
in the following description. The method of applying the coating 
solution on the web and the die of the present invention are used 
in the examples and comparisons. In a process for producing the 

30 optical compensation sheet, the web is fed to a rubbing processing 
roller by a feeding machine with support of the guide roller. 
Thereafter, the coating process of the present invention is 
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provided. Then the web is fed to instruments of drying, heating, 
and an ultraviolet lamp, and wound by a winding apparatus. The 
explanation of the Example 1 is made in detail at first . Thereafter, 
the same conditions as in Example 1 are omitted in the explanation 
5 for other Examples and comparisons. 

Note that the web, after applying the coating solution, 
is fed in the drying instrument set to 100 °C , and in the heating 
instrument set to 130 °C . Then an ultraviolet ray is projected 
from the ultraviolet lamp onto a surface of the coating on the 
10 web. 

[Example 1] 

A web base of the web 12 has a thickness of 100 pm, and 
is formed of triacetyl cellulose (FUJITAC, Fuji Photo Film Co. 
LTD) . On a surface of the web base, 25ml of 2 wt. % solution of 
15 chain alkyl denaturated poval (MP-203, Kuraray Co. Ltd.) is 
applied, and thereafter dried in 60° C for a minute to form a 
coating . 

Then the web base on which a layer of resin for orientation 
film is fed to a rubbing processing roller, and a rubbing 

20 processing is carried out on a surface of the resin layer to form 
an orientation layer. A pressure of a rubbing roller is applied 
at 9.8x10 ~ 3 Pa and a rotational speed is 5.0 m/sec during the 
rubbing processing. Thus the web 12 is prepared. 

The coating solution 13 contains TE-8, optical 

25 polymerization initiator (Irgacure 907, Chiba Gaigy Japan) at 
1%, and methylethylketon at 40 wt . % . The TE-8 is discotic compound 
and has alkyl groups R(l) and R(2) in ratio of 4:1 (R(1):R(2)). 

In a die, a land length LI of a first land lip is 100 jxm, 
and a land length L2 of a second land lip is 1mm. A coating solution 

30 is applied on the web at 5 ml/m 2 , such that a thickness of a wet 
coating may be 5 (am. The feeding speed of the web is 10 m/min. 
The gap Gl between the web 12 and the first land 27a is set to 



40 lira. 

In Example 1, the bead was split and the coating could not 
carried out, and the pressure decreasing degree was 1000 Pa. 



TE-8 
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Rl = n-C 8 Hi 7 0 
R2 = n-C 5 HnO 

[Example 2] 

In Example 2, the feeding velocity was 20 m/min. Other 
conditions were the same as in Example 1. In Example 2 the pressure 
decreasing degree was 1800 Pa. The coating is made without 
problem. 

[Example 3] 

In Example 3, the feeding velocity was 30 m/min. Other 
conditions were the same as in Example 1. The bead was split and 
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the coating could not carried out. 
[Example 4] 

In Example 4, the feeding velocity was 40 m/min. Other 
conditions were the same as in Example 1. The bead was split and 
5 the coating could not carried out. 
[Example 5] 

In Example 5, the land length LI of the first land lip was 

50 jam. Other conditions were the same as in Example 1. In Example 

5 the pressure decreasing degree was 600 Pa. The coating is made 
10 without problem. 

[Example 6] 

In Example 6, the land length LI of the first land lip was 
50 |xm. Other conditions were the same as in Example 2. In Example 

6 the pressure decreasing degree was 1000 Pa. The coating is made 
15 without problem. 

[Example 7] 

In Example 7 , the land length LI of the first land lip was 
50 |im. Other conditions were the same as in Example 3. In Example 

7 the pressure decreasing degree was 1500 Pa. The coating is made 
20 without problem. 

[Example 8] 

In Example 6, the land length LI of the first land lip was 
50 |xm. Other conditions were the same as in Example 8. In Example 

8 the pressure decreasing degree was 2000 Pa. The coating is made 
25 without problem. 

[Comparison 1] 

In Comparison 1, the land length LI of the first land lip 
was 200 Jim. Other conditions were the same as in Example 1. The 
bead was split and the coating could not carried out. 
30 [Comparison 2] 

In Comparison 2, the land length LI of the first land lip 
was 200 jim. Other conditions were the same as in Example 2. The 
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bead was split and the coating could not carried out. 
[Comparison 3] 

In Comparison 3, the land length LI of the first land lip 
was 200 (im. Other conditions were the same as in Example 3. The 
5 bead was split and the coating could not carried out. 
[Comparison 4] 

In Comparison 4, the land length LI of the first land lip 
was 200 (am. Other conditions were the same as in Example 4. The 
bead was split and the coating could not carried out. 
10 [Comparison 5] 

In Comparison 5, the land length LI of the first land lip 
was 10 j^m. Other conditions were the same as in Example 1. In 
Comparison 5 the pressure decreasing degree was 300 Pa. The 
coating is made without problem. 
15 [Comparison 6] 

In Comparison 6, the land length LI of the first land lip 

was 10 jam. Other conditions were the same as in Example 2. At 
first the coating was made. However, the bead was split after 
few minuets, and the coating could not carried out. 

20 [Comparison 7] 

In Comparison 7, the land length LI of the first land lip 
was 10 jam. Other conditions were the same as in Example 3. At 
first the coating was made. However, the bead was split at the 
same part as in Comparison 6 after few minuets, and the coating 

25 could not carried out. 

[Comparison 8] 

In Comparison 8, the land length LI of the first land lip 
was 10 jam. Other conditions were the same as in Example 4. At 
first the coating was made. However, the bead was split at the 
30 same part as in Comparison 6 after few minuets, and the coating 
could not carried out . 

The results in the Examples 1-8 and Comparisons 1-8 teach 
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that the land length of the first lip land is preferably between 
30 jam and 100 jam. Further, when the land length is shorter, the 
effects become larger. 
[Example 9] 

5 Lips of the die were formed of materials whose main content 

was hard material of WC. Other conditions were the same as in 
Example 7. The land length LI of the first lip land was measured 
with the laser meter. The land length was between 30 jam and 50 
jam. A variation of the land length was 20 jam. The examination 
10 was made with eyes, and the coating solution was applied on the 
web without problems. 

[Comparision 9] 

Lips of the die were formed of stainless alloy. Other 
conditions were the same as in Example 9. The land length LI of 

15 the first lip land was measured with the laser meter. The land 
length was between 0 jam and 40 jam. A variation of the land length 
was 40 jim at the maximal. When 5 minutes passed after start of 
applying the coating solution, the bead was split and stripes 
are generated in the coating on the web. 

20 The results in the Example 9 and Comparison 9 teach the 

variation of the land length LI is preferably smaller. When the 
lips made of the hard alloy are used, the effect becomes larger. 

As described above, the bead is formed in an adequate shape 
by using the method and the apparatus for coating the web of the 

25 present invention. Thus the stripes are not generated in the 
coating and the coating solution is continuously applied on the 
web . 

[Example 10] 

In the die used for Example 10, the land length LI of the 
30 first lip land was 50 jam, the land length L2 of the second lip 
land was 150 jam, and the length LS of the slot was 50 mm. The 
web was fed at 50 m/min to applying coating solution on the web, 
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such that the thickness of the wet coating was 5 |im. The gap Gl 
between the first land and the web was set to 50 jam. The gap GS 
between the side plate and the web and the gap GB between the 
back plate and the web were set to 100 |im. 
5 After drying the coating and winding the web, the 

examination of unevenness is made with eyes. In Example 10, the 
coating was made without problems . The pressure decreasing degree 
necessary for fixing the bead to the upper end of the upstream 
lip was 1700 Pa. The coating solution was applied at a 
10 predetermined width. Further, there was no unevenness in the 
coating. The coating was made without problems. 
[Example 11 ] 

In Example 11, the overbite length LOl was set to 100 |xm. 
Other conditions were the same as in Example 10. In Example 11 
15 the pressure decreasing degree was 1700 Pa. The coating solution 
was applied at a predetermined width. Further, there was no 
unevenness in the coating. The coating was made without problems. 
[Example 12] 

In Example 12, the gap GB between the web and the back plate 
20 were set to 300 jam. Other conditions were the same as in Example 

10. In Example 12 the pressure decreasing degree was 1700 Pa. 

The coating solution was applied at a predetermined width. 

Further, there was no unevenness in the coating. The coating was 

made without problems. 
25 [Comparison 10] 

In Comparison 10, the overbite length LOl was set to 0 jam. 
Other conditions were the same as in Example 10. In Comparison 
11 the pressure decreasing degree was 2500 Pa. Edges of the coating 
becomes wider, and the width thereof becomes larger than the 
30 predetermined one. Further, there was unevenness in the coating. 
[Comparison 11] 

In Comparison 11, the overbite length LOl was set to 200 

30 



jam. Other conditions were the same as in Example 10. In Comparison 
11 the pressure decreasing degree was 1500 Pa. The width thereof 
was the predetermined one. However, when a minute passed after 
start of applying the coating solution, the bead was split, and 
5 the coating was not made any more. 
[Comparison 12] 

In Comparison 12, the land length LI of the first land lip 
was 200 |iim. Other conditions were the same as in Example 1. The 
bead was split and the coating could not carried out. 

10 [Comparison 13] 

In Comparison 13, the gaps between the web and the back 
plate were set to 50 \xm. Other conditions were the same as in 
Example 10. In Comparison 13 the pressure decreasing degree was 
1700 Pa. The coating solution was applied at a predetermined width. 

15 The coating was made. However, the unevenness was generated in 
the coating. 

The results in the Examples 10, 11 and Comparisons 10-12 
teach that the land length LI of the first lip land is preferably 
between 30 jam and 100|um. Further, the bead can be fixed to the , 

20 upper end of the lip in the upstream side more easily, when the 
overbite length LOl becomes larger. Especially the overbite 
length LOl satisfies 30/jm < LOl < 100/um , in order to make the shape 
of the bead stable and to prevent the generation of unevenness 
in the coating. 

25 [Example 13] 

Conditions of forming the web 12 are changed as follows. 
A web base of the web 12 is formed of cellulose triacetate ( FU JITAC, 
Fuji Photo Film Co. LTD) to have the width of 100mm. Before 
applying the coating solution, a hard-coating layer is formed 

30 of a hard-coating solution on the web. In the hard-coating 
solution, a hard coating compound of ultraviolet hardening 
(desolite Z-7526, 72 wt . %, JSR Co. LTD) at 250 g is solved in 
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solvent of methylethylketone 62g and cyclohexane 88g. The 
hard-coating solution is applied on the web at 8.6 ml/m 2 . 
Thereafter, the wet coating is dried at 120°C for five minutes. 
Then an ultraviolet ray is projected from an air cool metal halide 
5 lamp (Eyegraphics Co. LTD) whose power was 160 W/cm. Thus the 
hard coating layer has a thickness 25 jam. Thus the web 12 is formed. 

The coating solution is prepared as follows: A mixture of 
dipenta elithlitol petaacrylate and dipenta elithlitol 
hexaacrylate (DPHA, Japan Chamical Co., LTD) is prepared. The 

10 mixture at 91g is solved in a solution at 218g (Dezolite Z-7526, 
Produced by JSR Co., LTD) containing zirconium oxide for hard 
coat layer, to produce a mixture solution. The mixture solution 
is supplied into a mixture solvent of methylethylketone and 
cyclohexanone in ratio 4 : 6 in weight percent, and adding further 

15 thereto 10 g of optical polymer initialyzer (Irgacure 907, Chiba 
Gaigy Japan) . Thus the coating solution is produced. 

After forming the hard coat layer, the coating apparatus 
was applied on the web at 4 . 2 ml/m 2 . the coating speed is set to 
30 m/min. The gap Gl between the first lip land and the web is 

20 set to 40 jam, and the overbite length LOl is 75 mm. The land length 
LI of the first lip land, the land length L2 of the second lip 
land, the gap GS between the web and the vacuum chamber are set 
the same as in Example 10. In Example 13, the pressure decreasing 
degree was 1700 Pa, and only few of the unevenness was generated 

25 in the coating. The coating is made without problem. 
[Example 14 ] 

In Example 14, the gap GB between the web and the back plate 
were set to 300 jam. Other conditions were the same as in Example 
13. In Example 14 the pressure decreasing degree was 1700 Pa. 
30 The coating solution was applied at a predetermined width. 
Further, there was no unevenness in the coating. The coating was 
made well. 
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[Comparison 14] 

In Comparison 14, the overbite length L01 was set to 0 jxm. 
Other conditions were the same as in Example 13. In Comparison 
14, when the pressure decreasing degree was less than 2500 Pa, 
5 the coating was not stably made, and the unevenness was generated 
in the coating. 

[Comparison 15] 

In Example 15, the gap GB between the web and the back plate 
were set to 400 (xm. Other conditions were the same as in Example 
10 13. In Comparison 15 the pressure decreasing degree was 1700 Pa. 
However, the unevenness was generated in the coating. 

The results in the Examples 13, 14 and Comparisons 14,15 
also teach that the overbite length LOl i satisfies 
30jum < LOl < 100/zw . Further, when the gap GB between the web and 
15 the back plate is adjusted, the generation of the unevenness is 
prevented moreover. 
[Example 15] 

The regulation plates 52 were provided in the slot 16, and 
a thickness of the regulation plate was 145 jim. The coating speed 

20 is set to 60 m/min. The gap Gl between the first lip land 27a 
and the web 12 was set to 40 jim. The overbite length LOl was 50 
jam. The pressure decrease degree for the upper meniscus of the 
bead 16a was 2500 Pa. The regulation plate was formed of stainless, 
and retracted from the first lip land at 25 |um. In Example 15, 

25 other conditions were the same as in Example 1. The examination 
was made with eyes, and the coating solution was applied on the 
web without problems. 
[Example 16] 

The gap G3 from the regulation plate 52 to the web 12 was 
30 set to 50 jam. Thus the regulation plate 52 and the second lip 
land 27b were disposed on the same surface. In Example 15, other 
conditions were the same as in Example 1. The pressure decrease 



degree for the upper meniscus of the bead 16a was 2500 Pa. The 
edges of the bead 16a were stable. 
[Example 17] 

The gap G3 from the regulation plate 52 to the web 12 was 
5 set to 0 jam. Thus the regulation plate 52 and the first lip land 
27b were disposed on the same surface. In Example 15, other 
conditions were the same as in Example 16. The pressure decrease 
degree for the upper meniscus of the bead 16a was 2500 Pa. The 
edges of the bead 16a were little unstable. However, the coating 
10 was made without problems. 
[Comparison 16] 

The gap G3 was set to 60 |im. Other conditions were the same 
as in Example 16. The edges of the bead 16a were split and the 
coating was not made. 

15 Examples 15-17 and Comparison 16 teach that the regulation 

plates has a larger distance to the web than the first lip land 
and a smaller distance than the second lip land, in order to form 
the adequate coating. Namely, the gap G3 between the regulation 
plate and the web is the same as or larger than the gap Gl between 

20 the first lip land and the web, and the same as or smaller than 
the gap G2 between the second lip land and the web. 
[Example 18] 

In the downstream block 102, the land length LI of the first 
lip land 102b is 50 (am, and the length LL between the rear surface 

25 102a and the first lip land 102b is 200.000 mm. In the upstream 
block 105, the land length L2 of the second lip land 105b is 1mm, 
and the length between the rear surface 105a and the second lip 
land 105b is 200.000 mm. The down- and upstream blocks 102, 105 
are mounted on the fixer 111, and the thickness gage 86 having 

30 the thickness T of 50 |im is provided between the downstream block 
102 and the fixer 111. A pressure is applied to the down- and 
upstream blocks 102, 105 with the holding mechanism 112 to press 



to the fixer 111. Then the down- and upstream blocks 102, 105 
are fixed to the fixer 111 with bolts 106, and thereafter fixed 
to each other with the bolts 63. 

The temperature in a room for assembling the die was set 
5 to 22 °C , the water of 22 °C passed through the passage provided 
in the two blocks 102, 105 for two hours. Thus the temperature 
of the blocks 102, 105 was adjusted to 22 °C . The overbite length 
LOl was measured with the optical microscope 123 and adjusted 
to be 50 (im. The holding mechanism 112, the fixer 111, the bolts 

10 106 and the thickness gage 86 were removed after adjustment of 
the overbite length LOl. 

Then the coating solution was applied to form the wet 
coating 5 (im on the web which was fed at 50 m/min. The temperature 
of the coating solution was 22 °C . The pressure decrease degree 

15 was set to 1600 Pa, whose variation was measured with a digital 
manometer. Other conditions were the same as in Example 1. after 
drying the coating , the examination was carried out with eyes. 
In Example 18, the unevenness was not generated in the coating, 
and the conditions of the coating was excellent. 

20 [Example 19] 

In Example 19, the pressure section was not used. Other 
conditions were the same as in Example 18. The unevenness was 
not generated in the coating, and the conditions of the coating 
was excellent . 

25 [Example 20] 

In the downstream block 102/ the land length LI of the first 
lip land 102b is 50 fam, and the length LL between the rear surface 
102a and the first lip land 102b is 150.000 mm. In the upstream 
block 105, the land length L2 of the second lip land 105b is 1mm, 

30 and the length between the rear surface 105a and the second lip 
land 105b is 150.000 mm. The down- and upstream blocks 102, 105 
are mounted on the assembling base 71, and the thickness gage 



86 having the thickness T of 50 jam is provided between the 
downstream block 102 and the assembling base 71. Then the down- 
and upstream blocks 102, 105 are fixed to the assembling base 
111 with bolts 92, and thereafter fixed to each other with the 
5 bolts 63. The overbite length LOl was measured with the optical 
microscope 123 and adjusted to be 50 jxm. Other conditions were 
the same as in Example 1. In Example 20, the unevenness was not 
generated in the coating, and the applying of the coating solution 
was made without problems. 

10 [Example 21] 

In the downstream block 102, the land length LI of the first 
lip land 102b is 50 jum, and the length LL between the rear surface 
102a and the first lip land 102b is 150.050 mm. In the upstream 
block 105, the land length L2 of the second lip land 105b is 1mm, 

15 and the length between the rear surface 105a and the second lip 
land 105b is 150.000 mm. The down- and upstream blocks 102, 105 
are mounted on the assembling base 71, and the thickness gage 
86 having the thickness T of 50 jj,m is provided between the 
downstream block 102 and the assembling base 71. Then the down- 

20 and upstream blocks 102, 105 are fixed to the assembling base 
111 with bolts 92, and thereafter fixed to each other with the 
bolts 63. The overbite length LOl was 50 |im. Other conditions 
were the same as in Example 18. In Example 20, the unevenness 
was not generated in the coating, and the applying of the coating 

25 solution was made without problems. 
[Example 22] 

For regulating the temperature of the die 101, instead of 
the water, the ribbon heater was wound around the die for two 
hours. Other conditions were the same as in Example 18. In Example 
30 18, the unevenness was not generated in the coating, and the 
applying of the coating solution was made without problems. 
[Example 23] 



The adjustment of the overbite length L01 was carried out 
with the dial gage 135. Other conditions were the same as in 
Example 18. In Example 18, the unevenness was not generated in 
the coating, and the applying of the coating solution was made 
5 without problems. 

[Example 24] 

The adjustment of the overbite length L01 was carried out 
with the laser meter 131 (named LC-2400, produced by KEYENCE 
CORPORATION. Other conditions were the same as in Example 18. 
10 In Example 18, the unevenness was not generated in the coating, 
and the applying of the coating solution was made without 
problems . 

[Comparison 17 ] 

when the die 101 was assembled, the temperature thereof 

15 was not regulated. The overbite length LOl was measured with the 
optical microscope 123 and adjusted to be 50 jam. The temperature 
in the room for assembling the die was 15 °C . Other conditions 
were the same as in Example 18. In Comparison 18, then the coating 
was carried out, the two blocks was deformed. Thus the largest 

20 difference between the maximum and the minimum of the gap Gl 
betwe en the first lip land 102b and the web 12 was 10 (Jin, when 
the gap Gl is measured at each point on the first lip end 102b. 
Therefore the bead 16a was split at extended parts thereof, and 
the coating was not made any more. 

25 [Example 25] 

The kind of the web and the method of processing the surface 
of the web are the same as in Example 13. The overbite length 
LOl was measured with the optical microscope 123 and adjusted 
to be 50 jam. The method of assembling the die 101 and other 

30 conditions were the same as in Example 18. There was no unevenness 
in the coating. The coating was made well. 

The Examples 18-25 and Comparison 17 teach that the method 



of assembling the die, in which the blocks of the die was fixed 
to the fixer of the assembling base was important when in setting 
the overbite length L01 . Further, in the method the setting of 
the overbite length L01 was made accurately and smoothly. Further 
the adjustment of the temperature is important for assembling 
the web. 

Various changes and modifications are possible in the 
present invention and may be understood to be within the present 
invention . 
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